Objective: To compare the effect of a modified fat, monounsaturated-fat-enriched diet and a high-carbohydrate low-fat diet with high lycopene content on the serum concentration of lycopene and other carotenoids. Design: A randomised crossover dietary intervention study. Setting: Melbourne, Australia F Healthy free-living men. Subjects: A total of 13 healthy males between the age of 20 and 70 y, recruited via advertisements in newspapers and university newsletter. Intervention: A randomised dietary intervention with two diets of 14 days each. The two diets were F (1) high-fat monounsaturated-fat-enriched (MUFA) and (2) high-carbohydrate low-fat (HCLF). Both the diets contained the same basic foods and a controlled carotenoid content high in lycopene. Results: A significant increase in serum total lycopene occurred, by 126% on the MUFA diet (Po0.001) and 108% on the HCLF diet (P ¼ 0.001). A reduction in serum cryptoxanthin (27% on MUFA diet and 25% on HCLF) and alpha-carotene (43% on the MUFA diet and 25% on the HCLF diet) was observed. No change was observed for the other carotenoids. Comparing the end of the two diets, no statistically significant difference was observed for lycopene or the other carotenoids . Conclusion: In all, 15% of energy from fat or 38% of energy from fat (predominantly monounsaturated fat) in the diet does not have a significant differential effect on serum lycopene.
Introduction
The Seven Countries Study indicated that the Greeks, with a high intake of monounsaturated fat, plant foods, grains, cereals and low intake of meat and dairy, and also the Japanese, with a low-fat, high-carbohydrate intake, have a lower incidence of heart disease compared to the US populations with a high intake of saturated fat, meat and dairy products (Kromhout, 1989) . Meta-analyses suggest that the replacement of saturated fat with other energy sources may reduce the risk of heart disease (Mensink & Katan, 1992; Clarke, 1997; Parks & Hellerstein, 2000) , but it remains debatable which energy source is the optimal replacement. Some researchers advocate replacement with monounsaturated fats (Katan et al, 1997; de Lorgeril et al, 1999) , while others suggest reducing the total fat intake and increasing the energy from carbohydrates (Watts et al, 1992; Haskell et al, 1994; Ornish et al, 1998) . Smaller intervention studies have shown that both high-monounsaturated fat diets and high-carbohydrate low-fat diets decrease serum total cholesterol and low-density lipoprotein (LDL) cholesterol levels. However, the effects on high-density lipoprotein (HDL) cholesterol and triglycerides have been inconclusive (Garg et al, 1988; Grundy et al, 1988; Ashton et al, 2001) .
In the 1960s Mediterraneans consumed more fruits and vegetables than US populations (Kromhout, 1989) . This observation led researchers to look for the components of fruits and vegetables that might be inversely related to coronary heart disease (CHD). Recent interest has focussed on the effects of carotenoids in the diet and/or serum on certain degenerative diseases. Epidemiological data suggest that high serum levels of carotenoids and/or high dietary intake of carotenoids contribute in reducing the risk of certain chronic diseases. It has been suggested that serum levels of lycopene (Klipstein Grobusch et al, 2000; Rissanen et al, 2001 ) and beta-carotene (Street et al, 1994; D'Odorico et al, 2000) are inversely related to the risk of cardiovascular disease. In addition, individual dietary carotenoids are thought to account for specific protective effects. It has been suggested, for example, that tomatoes and tomato products rich in lycopene are inversely related to the risk of prostate cancer (Giovannucci et al, 1995; Norrish et al, 2000) . Carotenoids like lutein and zeaxanthin have been found to be associated with a lower risk of cataracts (Jacques & Chylack, 1991; Chasan-Taber et al, 1999) and macular degeneration (Seddon et al, 1994) . A dietary intake of alpha-carotene is inversely related to the risk of lung cancer (Michaud et al, 2000) . Bladder cancer appears to be inversely related to the intake of beta-cryptoxanthin (Zeegers et al, 2001) . Some research suggests an inverse relation between dietary beta-carotene and lung cancer (Le Marchand et al, 1993) , but long-term intervention trials have shown no effect (Hennekens et al, 1996) or a detrimental effect of supplemental beta-carotene on the incidence of lung cancer in smokers (ATBC, 1994; Omenn et al, 1996) .
Serum carotenoid levels reflect the immediate carotenoid intake (Rock et al, 1992; Yeum et al, 1996; Lee et al, 2000) . Even so, pathophysiological factors such as poor iron, zinc or protein status, malabsorption diseases and liver or kidney disease may result in reduced carotenoid absorption (Williams et al, 1998) . Similarly, drugs that affect cholesterol absorption have been suggested to inhibit carotenoid absorption (Elinder et al, 1995) . Gender, season, smoking and alcohol intake also influence serum carotenoid concentrations (Olmedilla et al, 1994; Forman et al, 1995; Olmedilla Alonso et al, 1997; Wei et al, 2001) , and some carotenoids also compete for absorption and/or interact with each other to affect their bioavailabilty (Kostic et al, 1995; Johnson et al, 1997) .
Lycopene, an acyclic carotenoid mainly found in tomatoes, has been suggested to have the greatest antioxidant capacity of the carotenoids found in fruits and vegetables, followed by beta-carotene, cryptoxanthin and lutein/zeaxanthin (Di Mascio et al, 1989; Miller et al, 1996; Mortensen et al, 1997) . However, this may differ depending upon the assay and the circumstances involved for determining the antioxidant capacity (Paiva & Russell, 1999) . Carotenoids, including lycopene, are fat-soluble compounds and their absorption involves solubilisation in the bile salts and incorporation in micelles. As the presence of dietary fat is important for micelle formation in the small intestine, the absorption of carotenoids from the diet into the body may also depend on the amount of fat ingested. The intake of carotenoid-rich foods cooked with oil increases the serum carotenoid bioavailability (Stahl & Sies, 1992) . The effects of different amounts of oil in the diet on the serum concentration of beta-carotene (Jayarajan et al, 1980; Dimitrov et al, 1988; Jalal et al, 1998) and lutein (Roodenburg et al, 2000) have been studied.
The present study was conducted to compare the effects of two lycopene-enriched, other carotenoid-controlled diets, one a monounsaturated-fat-enriched (MUFA) diet and the other a high-carbohydrate low-fat (HCLF) diet, on the serum concentration of lycopene. Other carotenoids were also measured to observe any major effects, and serum lipids and lipoproteins were used to determine any differential effects on these CHD risk factors.
Methods
A total of 13 healthy men aged 20-70 y, recruited via advertisements in newspapers and university newsletters, volunteered for this randomised crossover dietary study.
Results from previous studies indicated that this sample size would give 80% power to detect a 20% difference in serum lycopene with an alpha of 0.05. Only male subjects were recruited because gender differences may affect the serum carotenoid levels, especially beta-carotene and alpha-carotene (Olmedilla et al, 1994) . Subjects were non-smokers, had no history of cardiovascular, hepatic or renal disease and had not adhered to any special diets at least 4 weeks prior to participating in the study. The Deakin University Ethics Committee, Melbourne, Australia, approved the study and all volunteers gave written informed consent. Weight measurements for each subject were taken at the start and at the end of each dietary period. Height was measured at the start of the first dietary period.
Dietary design and analysis
Subjects completed a 4 day weighed food record diary, encompassing three consecutive weekdays and one weekend day. Subjects were provided with food weighing scales (Bosco, model 312 AND Medical Products, Kensington, Australia) and detailed verbal and written instructions on how to record the amount of food and drink consumed during the 4 days. The records were analysed using Food Works version 2.01 using NUTTAB 95 (Xyris Software, Brisbane, Australia). When foods were not present in the database (eg health foods), the nutrient compositions supplied by the manufacturer were manually added to the database, or foods with the closest composition were selected. The energy intake on the usual diets was used to design the diets for the intervention periods.
Diets. Figure 1 presents the study protocol. To avoid any acute peaks in the serum carotenoid concentrations, which may occur because of a high carotenoid intake 10-12 h before blood samples are taken (Porrini et al, 1998) , subjects were asked to eat a low-carotenoid diet (LCD) 2 days before starting the dietary intervention periods. A list of acceptable and nonacceptable foods was provided for this LCD. Using a computer-generated randomisation number sheet, the volunteers were assigned to receive either the MUFA diet or the HCLF diet. After a 'washout' period of 6 weeks on their usual diet, the subjects ate the LCD diet for 2 days and then started the second dietary period of either HCLF diet or MUFA diet. Each diet was of 14 days duration. A set menu plan was designed for each person for the two dietary periods (MUFA and HCLF), which contained the same basic foods but different amounts of fat and carbohydrate, and was isocaloric to the habitual diets.
The MUFA and HCLF diets were designed to have a similar carotenoid content, with high lycopene. The sources of lycopene were 300 g tomato soup (ready to serve) and 60 g of tomato paste every day. To avoid any seasonal and processing variations that might affect the carotenoid content of the food (Stahl & Sies, 1992; Lessin et al, 1997; Schierle et al, 1997) , single batches of tomato soup and tomato paste, provided by HJ Heinz Australia (Melbourne, Australia), were used. Portions of tomato paste were given to the subjects with recipes and instructions on cooking. Subjects were asked to cook batches of dishes for the duration of the dietary period, portion and freeze them at À201C. Special instructions were given on the cooking time for the tomato paste and heating of the tomato soup, as the intensity and duration of cooking may affect the isomerisation of lycopene and other carotenoids Stahl & Sies, 1992; Lessin et al, 1997; Schierle et al, 1997) . On both the diets, tomato paste was cooked with oil from the daily allowance. Subjects were given instructions to transfer one portion of tomato dish from the freezer to the fridge the night before use, and to the microwave for 2 min before consumption.
In order to control other carotenoid intake, a limited amount and variety of fruits (an apple or a banana every day) and vegetables (iceberg lettuce, cucumber and mushrooms for lunch and onion, 100 g of frozen peas and corn mix for the evening meal every day) were allowed on the two diets. Subjects were also instructed to use the same appliances and bowls for cooking and heating foods in the two dietary periods. This study design ensured that each subject consumed comparable amounts of lycopene and other carotenoids on the two diets.
An oleate-enriched variant of sunflower oil (Sunolat oil) was used for the MUFA diet. The composition of monounsaturated fat in Sunolat oil is 77.8%, compared to 19.5% in conventional sunflower oil (eg Crisco oil), the oil used for the HCLF dietary period. Meadow Lea Foods Ltd (Mascot, Australia) provided the cooking oil and margarine (from single batches) for the study. The diets were designed to provide 36-38% of energy from fat in the MUFA diet (approximately 68% of fat from monounsaturated fat) and 16-18% of energy from fat in the HCLF diet. The carbohydrate content of the two diets was designed to be 42 and 64% of energy in the MUFA and the HCLF diets, respectively. The protein content of both the diets was designed to be 15-18% of the total energy. The diets were designed to have similar contents of dietary cholesterol, fibre, and vitamin C and carotenoids.
The energy balance of the diets was maintained by using non-carotenoid-containing foods such as white bread, carbonated beverages and polyjoule (Nutricia, Australia) in the HCLF diet. Polyjoule is a glucose polymer containing maltodextrin and it provides 1615 kJ per 100 g. Toasted muesli and biscuits made with Sunolat oil were included in Figure 1 Dietary protocol for the study.
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To increase compliance, highly motivated people were selected for the study and were given clear written and verbal instructions. The participants understood the importance of adhering to the diet. The standardised breakfast cereal, tomato products, cooking oil, margarine, biscuits and polyjoule were also provided for the dietary periods. Regular phone calls were made to subjects every second or third day to check compliance and any problems in adhering to the prescribed diets. At the end of the two dietary periods, subjects completed a 4-day diet record, which was used to analyse their nutrient intake and compliance.
Blood collection and analysis
Fasting venous blood samples were taken on days 1 and 15 of the two dietary periods. All subjects were asked to fast for 10-12 h, during which only drinking water was allowed. Venous blood samples were collected between 07.30 and 09.30. To reduce stress effects, subjects were made to rest for 10 min after arriving at the university before the blood sample was taken. For serum separation, the blood was allowed to coagulate for 1 h (protected from natural light) and then centrifuged at 3000 rpm at 41C for 20 min. Serum was aliquotted and stored at À701C for later analysis. All biochemical analyses were subsequently carried out in the same run to reduce inter-assay variability.
Biochemical analysis
Serum carotenoids. A high-pressure liquid chromatography (HPLC) method (Su et al, 1999) was used for the analysis of serum carotenoids. Serum samples that had been stored at À701C were thawed to room temperature in the dark. All the samples were analysed in the dark under red light. A total of 200 ml of internal standard containing alpha-tocopherol acetate and retinyl acetate in 95% ethanol solution were added to 200 ml of the serum sample and vortexed for 1 min, to denature the proteins. Then 1 ml of hexane was added and the sample was vortexed for 1 min. To separate the phase containing all the carotenoids and tocopherols, the sample was centrifuged at 2500 rpm for 10 min, and the supernatant was separated and dried under nitrogen stream. The sample was reconstituted with 40 ml of chloroform, vortexed for 1 min and then 80 ml of acetonitrile:methanol was added and vortexed again for 1 min. The sample was then transferred to amber-coloured vials for analysis by HPLC.
The solvents used in mobile phase were acetonitrile/ methanol/chloroform (45:45:10, v/v/v) containing 0.05% ammonium acetate in methanol, and 0.1% triethylamine in the acetonitrile at the flow rate of 1 ml/min. A 50 ml injection of the sample was used for the carotenoid and tocopherol analysis. Carotenoids were monitored at 450 nm, and tocopherols at 292 nm.
Food lycopene content. The tomato soup and tomato paste used for the study were also analysed for their lycopene content using HPLC. Briefly, 1 ml of internal standard (bapo-8-carotenal in hexane with 0.01% of BHT) was added to 1 g of homogenised food sample, followed by magnesium carbonate and chloroform:methanol (2:1; 10 ml) containing 0.01% BHT. After 30 min, the extract was filtered under suction and the solid material was extracted repeatedly with chloroform:methanol (2:1, 10 ml) until the resulting filtrate was colourless. Water-soluble material was removed using a separation funnel. The organic phase was collected, dried over anhydrous sodium sulphate and then the solution was dried under nitrogen. The residue was reconstituted with 200 ml of solvent acetonitrile/methanol/chloroform (70:70:60 ml). The reconstituted sample was then transferred to amber vials and analysed by HPLC. In all, 10 and 50 ml of each sample were injected and the results obtained with the higher resolution were used for analysis.
Lipids and lipoproteins. Fasting serum total cholesterol and triglycerides and HDL cholesterol were measured on a centrifugal autoanalyser (Hitachi Boehringer Mannhein Automatic Analyser 704, Japan) using commercially available enzymatic calorimetric kits (Boehringer Mannhein, Melbourne, Australia). LDL cholesterol was calculated using the Friedewald formula (Friedewald et al, 1972) . The ratio of LDL to HDL cholesterol was also calculated.
Statistical analysis
Statistical package for social scientists (SPSS, version 9, 1999, Chicago, USA) was used for the analysis of all the data obtained. The data were first assessed for normality of distribution, and log transformation was performed on non-normally distributed data (lipids, lipoproteins and carotenoids). Non-parametric tests were performed if the data were not normally distributed even after log transformation. All data are presented as mean7standard deviation (s.d.). A P-value of o0.05 was taken as statistically significant. Separate analysis by order was also undertaken using nonparametric tests. Mann-Whitney U-test was used to analyse the results of the whole group compared by order of dietary period.
Results
Seven subjects commenced on the MUFA diet and six subjects commenced on the HCLF diet. All subjects completed the two dietary periods. The mean (7s.d.) age and BMI of the subjects at baseline were 39711 y and 25.572.4 kg/m 2 , respectively.
Diets
The nutrient intakes of the study group calculated from the 4-day food records collected at the end of the two dietary periods are presented in Table 1 . Energy intake on the MUFA diet was significantly higher than on the HCLF diet. There was no difference in the grams of protein consumed, but the percentage of energy provided by protein was significantly higher on the HCLF diet compared to the MUFA diet. As designed, the carbohydrate, total sugar and starch intake were higher and the total fat intake was lower on the HCLF diet.
The total fat intake on the MUFA diet was 2.6 times higher than on the HCLF diet. The polyunsaturated-to-saturated-fat ratio was 0.93 on both the diets, although the grams of polyunsaturated fat and saturated fat were higher on the MUFA diet compared to the HCLF diet. Monounsaturated fat intake was significantly higher (about six times) on the MUFA diet compared to the HCLF diet. The intake of alcohol, fibre, dietary cholesterol and vitamin C was similar on the two diets. The lycopene intake during the two dietary periods was 20.2 mg per day as analysed by HPLC in duplicate, and 28.2 mg per day as calculated from the USDA database (USDA, 1998).
The vitamin E content of the diets was different because of the different types and amounts of oils used. The MUFA diet provided 26.98 mg/day alpha-tocopherol and 0.24 mg/day gamma-tocopherol and the HCLF diet provided 2.62 mg/day alpha-tocopherol and 0.03 mg/day gamma-tocopherol. It would have been difficult to control for differences between the two diets unless supplements of different nutrients had been allowed, which would have changed the present study design.
Serum carotenoids
As serum carotenoid and alpha-tocopherol concentrations are thought to be associated with serum lipid concentrations, serum carotenoids were adjusted for total cholesterol in one analysis. However, this did not change any results, and the unadjusted data are presented. The baseline serum carotenoid and alpha-tocopherol concentrations measured at the beginning of the two 14 day dietary periods were similar (Table 2) , suggesting the 42 day washout period was sufficient.
Both diets resulted in a significant increase in the serum trans, cis and total lycopene levels compared to the baseline. The increase in serum total, trans and cis lycopene from baseline to day 15 on the HCLF was 108, 114 and 106%, respectively. On the MUFA diet, the increase in the serum total, trans and cis lycopene levels was 126, 119 and 141%. Serum lutein+zeaxanthin, beta-carotene and alpha-tocopherol did not change significantly from the baseline to day 15 on both the diets. Cryptoxanthin and alpha-carotene were reduced on both the diets. The reduction in cryptoxanthin was 25% on the HCLF diet and 27% on the MUFA diet. Alpha-carotene decreased by 25% on the HCLF diet and by 43% on the MUFA diet. Serum cryptoxanthin and alphacarotene were also adjusted for serum triglyceride levels; however, no change in the results was noted. 
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Comparing day 15 of both the two diets and also the change over the two dietary periods, there was no significant difference for any of the carotenoid levels for the group as a whole. The day 15 data were also analysed (Table 3) to determine if the order in which the diets were given (HCLF then MUFA or MUFA then HCLF) resulted in any significant difference in carotenoid levels. The day 15 data were also analysed to check for any difference in results within each dietary group, that is, MUFA first compared to MUFA second; HCLF first compared to HCLF second. No significant difference was noted in either case (Table 3) .
Cholesterol and lipids
Total cholesterol, HDL cholesterol, LDL cholesterol, triglycerides and LDL-to-HDL ratio were not significantly different at the start (baseline) of the two dietary periods (Table 4) . Intervention diets for 2 weeks resulted in a significant decrease in the total cholesterol (13% on HCLF and 14% on MUFA) and LDL cholesterol (18% on HCLF and 17% on MUFA) from baseline. HDL cholesterol fell significantly by 10% on the HCLF diet but no change was noted on the MUFA diet. There was no significant change in LDL-to-HDL cholesterol ratio from baseline to day 15 of the two diets. Serum triglyceride levels increased on the HCLF diet by 19%, whereas no change was observed on the MUFA diet.
Comparing the end (day 15) of the two diets, there was no significant difference between serum total cholesterol or LDL cholesterol levels. HDL cholesterol was significantly higher (mean difference 0.17 mmol/l, Po0.01) at the end of the MUFA diet compared to the HCLF diet, and the LDL-to-HDL cholesterol ratio was lower (mean difference À0.42, P ¼ 0.02) at the end of the MUFA diet. Triglycerides were significantly lower (mean difference À0.40 mmol/l, Po0.01) at end of the MUFA diet compared to the HCLF diet.
Discussion
The main aim of this randomised crossover dietary intervention study was to compare the effects of two diets with similar carotenoid contents but markedly different fat intake (15% of energy from fat and 38% of energy mainly from monounsaturated fat) on the serum lycopene levels.
The results suggest that 15 or 38% of energy from fat in the diet has no major differential effect on serum lycopene in men with a high lycopene intake. Other carotenoids and alpha-tocopherol levels also indicate no major differential effect, although the large s.d.s mean that small differences cannot be excluded. Previous studies that suggested a significant role of fat in the bioavailability of beta-carotene had compared no fat meals with meals cooked in fat (Dimitrov et al, 1988; Prince & Frisoli, 1993) . Also, these studies were of short duration F 5 days (Dimitrov et al, 1988) or a single dose test (Prince & Frisoli, 1993) . It is possible that fat may have an effect on the serum concentration of carotenoids but only for a short duration of time, with less effect over longer periods. A 7-day study compared high intake of alpha-and beta-carotene, alphatocopherol or lutein/zeaxanthin with 3 g of dietary fat per day or 36 g dietary fat per day (Roodenburg et al, 2000) . No effect on serum alpha-and beta-carotene with increased intake of alpha-and beta-carotene was seen. However, a difference in serum lutein levels was observed after a 7-day diet of high dietary intake of lutein with 3 g or 36 g of fat. This result was attributed to the form (esterified) in which lutein was ingested as it is more lipophilic than free lutein from vegetables like spinach and broccoli. Two longer term studies (3-4 weeks) that noted the effect of dietary fat on serum beta-carotene and vitamin A levels, in preschool and school children, suggested that the threshold level needed for intestinal carotene uptake lies between 3 and 5 g of fat (Jayarajan et al, 1980; Jalal et al, 1998) as no further increase was seen while comparing the effect of a carotenoid-rich meal cooked with 5 and 10 g of fat.
The effects of a controlled fat diet (43% of energy) in freeliving adults were compared with a reduced fat (35% of energy) diet on the serum levels of fat-soluble vitamins and carotenoids over a period of 6 months (Velthuis te Wierik et al, 1996) . The carotenoid intake was not checked/ controlled; however, the researchers assumed that it was similar. The serum alpha-tocopherol levels were similar after 6 months of the diets even though the 'somewhat' reduced fat diet was low in dietary alpha-tocopherol, suggesting that over long periods of time the utilisation of alpha tocopherol may decrease with lower intake but serum levels stay the same. There were no differences in serum lycopene and betacarotene levels after the controlled or reduced fat diet, but the difference in fat intake was small and the lower fat diet still contained a considerable amount of fat. The World Health Organization recommends that fat intake should not be below 15% of energy, to avoid highly bulky diets with inadequate energy intake (WHO, 1990) . It is possible that even less than 15% of energy from fat is required to see a difference. However, for the present investigation, 15 and 38% of energy were used, as these extremes are feasible and not too difficult to adhere to.
Moderate alterations in the diet over short periods of time are known to change the measurable carotenoids in the human serum (Rock et al, 1992; Yeum et al, 1996; Lee et al, 2000) . In the present study, both HCLF and MUFA diets caused an increase in the serum total, cis and trans lycopene levels, no change in lutein+zeaxanthin, beta-carotene and a decrease in alpha-carotene and cryptoxanthin levels compared to the baseline. These results would seem to reflect the good dietary compliance. The study diets were high in lycopene (28.2 mg/day) with little beta-carotene and lutein+-zeaxanthin (B1.20 and 1.50 mg/day) and minimal alphacarotene and cryptoxanthin (B0.04 and 0 mg/day). It is likely that the group's intake of lycopene during the intervention period was higher than on their habitual diets and the intake of alpha-carotene and cryptoxanthin was lower than on their habitual diets. The habitual carotenoid intake was not measured as it would have required specific information on fruit and vegetable intake from food frequency questionnaires or at least seven days of weighed food records (Block, 1982; Bingham, 1991) on all the subjects with comparable data during the study diets. This limits our ability to interpret the comparison accurately.
Another possible explanation for the results is an interaction between the carotenoids (Micozzi et al, 1992; Johnson et al, 1997) . However, there is no indication from the literature that lycopene affects the absorption of alphacarotene or cryptoxanthin. In fact, it has been suggested that cryptoxanthin is not affected by other carotenoid intake (Bowen et al, 1993; Yeum et al, 1996) . The present investigation involved considerable manipulation of the diet (high lycopene, low in other carotenoids and different fat contents). It is thus hard to determine if the effect on the other serum carotenoid levels was because of the controlled/ low intake of these carotenoids, the high lycopene intake, the fat content of the diet or a combination of these factors. A limitation of the study protocol is that the possible effects of the different components of the diets cannot be differentiated. Stahl and Sies (1992) found that the serum cis lycopene levels were higher compared to the trans lycopene after 4 days of consumption of tomatoes. However, in our study no significant change in the plasma trans:cis ratio was observed, suggesting similar absorption of the two isomers over two weeks of high lycopene consumption (Olmedilla et al, 2002) .
A secondary study aim was a comparison of the effects of the diets on serum lipids and lipoprotein levels. The energy intake on the MUFA diet was higher than the HCLF diet, mainly because of two or three subjects with particularly high intakes on the MUFA diet, but this difference was not reflected by body weight change. It is assumed that the large difference in monounsaturated fat intake between the two diets (20%) was the major factor influencing the lipid results, rather than the minor differences in polyunsaturated fat (0.5%) and saturated fat (0.3%) intake. The results confirmed those from other studies that both MUFA and HCLF diets reduce serum total cholesterol and LDL cholesterol (Garg et al, 1988; Grundy et al, 1988; Ashton et al, 2001) . A high dietary intake of lycopene decreases serum cholesterol levels (Fuhrman et al, 1997) , but lycopene intake was the same on the two diets; therefore, we cannot evaluate whether the observed changes in serum cholesterol were due to an individual or combined effect of lycopene intake and the study diets. The reported effect on serum HDL cholesterol and serum triglyceride levels are variable (Garg et al, 1988; Grundy et al, 1988; Berry et al, 1992; Ashton et al, 2001) , but the present investigation showed a higher serum HDL cholesterol level on the MUFA diet, as found by Garg et al (1988) and Grundy et al (1988) and lower serum triglycerides, as found by Berry et al (1992) and Garg et al (1988) . Dietary factors like fibre, total sugar and starch may affect the fasting triglyceride levels. In the present investigation, the fibre intake was similar, but total sugar and starch intake was higher on the HCLF diet, which may have increased serum triglycerides by increasing hepatic synthesis. Also, if a higher LDL-to-HDL ratio depicts a higher risk of CHD (LaRosa et al, 1990; Despres et al, 2000) , then the results of this investigation suggest that a MUFA diet may have a better impact in reducing CHD risk.
The present study was conducted only in men, but it adds to the existing knowledge on carotenoids and encourages further research to extend the results of this investigation. A larger study sample would be needed to be powerful enough to exclude any small effect on the other carotenoids specifically owing to the difference in fat component. Studies of different design are needed to further determine the interaction of dietary factors and serum levels of the different carotenoids and to explore the effects in women. As the optimum serum levels of lycopene and other carotenoids are unknown, more research is required in both men and women to evaluate the relation between dietary lycopene, serum lycopene and the prevention of chronic diseases such as CHD, by long-term intervention trials using a variety of food products.
In conclusion, the present study suggests that 15 or 38% of dietary energy from fat does not have a significant differential effect on serum lycopene levels in men on a high-lycopene, low-carotenoid diet. In all, 15% of energy from fat may be enough to ensure absorption of lycopene and more fat may not increase the absorption. However, the intake of lycopene-rich foods cooked with monounsaturated fat may have an added benefit against CHD.
